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ORE THAN 20 YEARS HAVE
passed since investiga-
tors first described the

ethical problems of con-
ducuns randomized controlled trials
(RCTS) with insufficient statistical
power.1* Because such studies may not
adequately test the underlying hypoth-
eses, they have been considered “sci-
entifically useless™ and therefore un-
ethical in their exposure of participants
to the risks and burdens of human re-
search.” Despite this long-standing
Lhai-eng», many clinical investigators
continue to conduct underpowered
studies™ and fail to calculate or re-
port appropriate (a priord) power a%ajw
ses. 5" Not only do these scientific and
ethical errors persist in the general
medical literature, ’sdt 3 recent re-
ports' also highligh ¢ the alarming
prevalence of these problems in more
islized fields.

continue (o }}cﬁrz}c’ﬁdbg inresear
may be of Himited clinical value.
thermore, aunthe
fered 7 related arguments to support the
validity and thip of underpowered
clinical trials. First, meta-analysis may

“save” small studies by pr ewdmé a
means o combine the resulis with those
of other similar studies to enable esti-
mates of an intervention’s efficacy. Sec-
ond, although small studies may not
provide a good basis for testing hypoth-

ors'™ recently have of-
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Despite long-standing critiques of the conduct of underpowered clinical tri-
als, the practice not only remains widespread, but also has garnered increas-
ing support. Patlents and healthy volunieers continue to pariicipate In re-
search that may be of limited clinical value, and authors recently have offered
2 related arguments to support the validity and value of underpowered clini-
cal trlals: that meta-analysis may “save” small studies by providing a means
to combine the results with those of other similar studies to enable esti-
mates of an Intervention’s efficacy, and that although small studies may not
provide a good basis for testing hypotheses, they may provide valuable es-
fimates of treatment effects using confidence intervals. In this article, we
examine these arguments in light of the disiinctive moral issues assoclated
with the conduct of underpowered trials, the disclosures that are owed to
potential participants in underpowered trials so they may make autono-
mous enrollment decisions, and the circumsiances in which the prospecis
for future meta-analyses may justify individually underpowered frials. We
conclude that underpowered trials ars ethical in only 2 situations: small tri-
als of interventions for rare diseases in which lnvestigators document ex-
plicit plans for including their results with those of similar i’?&?ﬁﬁ n a pro-
spective meta-analysis, and early-phass trials in the de svelopment of drugs
or devices, provided they are adequately powered for defined purposes %%‘?@%?
imn mﬁé@mhﬁ %:fvsaimem’ wimpagawn: In both cases, investigators must
?ﬁ@%y participaiion may only indirectly con-
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closures that are owed to pme?* tial par-
arguments, authors have s gwesui that  ticipants in underpowered risls so they
msuﬁmsmi review boards (IRBs) drop
the documeniation of statistical power
as a criterion for study approval.'

If meta-analysis and estimating treat-
ment effects provided investigators and
IRBs with a means o justify underpow-
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ered research, challenges to the ethics
of underpowered studies would have to
cease. In this article, we examine these
arguments in light of the distinctive
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may make auionomous enrollment de-
cisions, and the circuimstances in which
the prospects for future meta-analyses
may justify individually underpow-
ered trials.

We conclude that underpowered
trials can be ethical in only 2 situa-
tions. First, small trials of interven-
tions for rare diseases may be justified
if investigators document explicit
plans for including their resulis with
those of similar trials in a prospective
meia-analysis. Second, early-phase tri-
zls in the development of drugs,
devices, or other interventions need
not be powered to make randomized
treatment comparisons provided they
are adequately powered for other
defined purposes and designed to
guide the conduct of subsequent,
comparative ¢rials. In both cases,
investigators must inform prospective
participants that their participation
may only indirectly contribute to
future health care benelfits.

STATISTICAL POWER
AND THE PLANNING
OF CLINICAL TRIALS
nvestigators use power analysis io de-

hat a given
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study will reject the null b

hen it is, in fact, false. In other word
power analysis determines the chance
of detecting a true-positive result. By
tradition, researchers consider 2 stud
tc be adequately powered if it has at
least an 80% chance of detecting a clini-
Iy significant effect when one ex-
r, higher

le and

Nt

tect 2 given effect, investigators use a
set of other variables, including the
number of individuals to be enrolled,
the expected variability of their out-
comes, and the chosen probability of
making a type 1 error. Reformulating
these variables allows one to calculate
the numbers of study participants
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needed to detect a clinically impor-
tant effect size with acceptable power.
Although consensus among 1eason-
able clinicians will generally enable de-
terminations of how small an effect
would be clinically important to de-
tect, disagreement about this value may
occasionally emerge. In such cases, we
advocate a 3-tiered, hierarchical ap-
proach for investigators to use in de-
termining the effect size to be entered
into sample size calculations.

First, when empirical definitions of
clinically meaningful effects exist, such
2s in the percentage reduction of re-
ported pain necessary to define anal-
gesic efficacy,'® these values ought to
be used. Second, if there is neither clini-
cal consensus nor empirical evidence
to guide definitions of clinically impor-
tant effects, but data from earlier trials
or ohservational studies reliably indi-
cate an intervention’s plausible effect,
this value may be used. Finally, if none
of the foregoing criteria are met, then
previously published definitions of
moderate effect sizes, such as those de-
scribed by Cohen,” should be used. Tri-
als that cannot reliably detect effect sizes
defined using this hierarchical ap-
proach may be defined as underpow-
ered.

[

ARGUMENTS FOR ALLOWING
UNDERPOWERED TRIALS

There are severa
conducting large RCTs, particularly f
;

world's knowl
practical and ethical problems with this
argument.

The first practical problem stems
from an overly optimistic view of the
usefulness of the information that un-
derpowered trials may provide. Ac-
knowledging that hypothesis tests are
inordinately likely to produce false-
negative results when inadequately
powered, proponents argue that quan-

tifying the range of plausible effect sizes
will still be possible by examining con-
fidence intervals.' However, studies
containing too few subjects to detect a
positive effect (if one exists) via hy-
pothesis testing will also yield unac-
ceptably wide confidence intervals
around the point estimate of this effect.
Because such confidence intervals will
often contain both the null and clini-
cally important effect sizes, the ap-
proach provides ambiguous conclu-
sions.

One might argue thatif no trials were
conducted, the confidence intervals
around the (unknown) effect would re-
main infinitely wide. Thus, any well-
designed trial, no matter how small,
would at least reduce this uncertainty.
However, the marginal value of nar-
rowing confidence intervals to widths
still compatible with both positive and
negative results generally is insuffi-
cient to justify exposing individuals to
the common risks and burdens of re-
search. Although these risks and bur-
dens may often be outweighed by the
benefits of trial participation,” these
beneficial effects are not uniform, and
their potential is insufficient to jusily
human research.!

a
or meta-analyses to be useiul, how-
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comparable research methods
must have been used among the pri-
mary trials, and these trials must be se-
lected for inclusion in an unbiased fash-
on. The infrequency with which these
ideal conditions are met may help ex-
plain why 2 independent meta-
analyses of the same literature some-

tirnes arrive at different conclusions. >
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gLes Owerfilly against any notmn that

i foers an assured way to
thifrom acollection ofe-
search papers.”?

Finally, because underpowered iri-
als are more likely to produce nega-
tive results and consequently may not
be published (the so-called publica-
tion bias®*?"), underpowered trials may
be less accessible for inclusion in meta-
analyses.? This may fatally bias the ap-
proach Thus, the ideal conditions for
combining evidence may be particu-
larly unlikely when the component tri-
als are underpowered; therefore, even
the most rigorously conducted meta-
znalyses will be unable to augment such
trials’ abilities to further medical knowl-
edge. Only if widely accessible regis-
tries of RCTs*? are expanded to in-

clude privately sponsored trials could
the potential for publication bias in
retrospective meta-analyses be elimi-
nated.”®

SAMPLE SIZE AND
INFORRMED CONSENT

In addition to the practical problems
mentioned herein, underpowered stud-
ies will also be ethically deficient if in-
vestigators do not convey these stud-
ies’ Hmited value to pro jgsect ive
participants. Failure to ﬁz}m
smd svalue (Gr lack mere
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tors must inform them of the limited
capacities of smail trials to produce pub-
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such information for 3
reasons. First, investigators may sim-
ply fail to conduct an a priori power
analysis. Such investigators are acting
negligently. In addition to risking the
enrollment of too few participants to an-
swer the research question, investiga-
tors who fail to conduct or improperly
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conduct a power analysis may enroll
too many individuals. This cutcomels
also troubling because it exposes (0o
many individuslesiqthe risks of re-.
search and overconsumes limited so-
cietal resources. >

Second, investigators might con-
duct an appropriate power calculation
but fail to recrnit sufficient numbers of
parti.cipants in a timely fashion. ™ Such

cases may arise, for example, when pro-
spective participants’ clinicians have
reservations about enrolling their pa-
tienis™ or when patients Lhemselves are
dissuaded by some feature of the trial,
such as the existence of z placebo
group.”*! Investigators should at-
tempt to identify potential recruit-
ment problems beforehand and mgdify
their approaches accordingly.”

Perhaps most concerning is the third
scenario, in which investigators con-
duct an appropriate power analysis, find
they will be unlikely to recruit an ad-
equate number of participants, and
choose to proceed without conveying
this information tc participants in the
informed consent process. This know-
ing failure of information disclosure
entaﬂs deception. In addition to abro-
gating pa:r‘:i_a.ipa“c‘ * rights, if such de-

ception were publicized, it could un-
dermine people’s trust in science,
P
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For research on diseases with low
prevalence or incidence, the numbers
of afflicted (or newly mlhcted) indi~
viduals at 2ny one time may make it
impossible to conduct even a multi-
center RCT that could reliably distin-
guish between interventions. It has
been argued that in such cases some
evidence is better than none.'™!" This

view ignores the fact that only when
the effect sizes are extremely large—
indeed, larger than antlmpaaed——wﬂ]m
small. &m,a%a@e zble ser@z@é@&@%
document them. In all other cases,
false-negative conclusions may be
drawn and post hoc power analyses
will be unable to elucidate the error.*
Although investigators commonly
relax inferential standards to avoid
this result, doing sc increases the risk
of drawing Talse~pﬁsmve conclusions.
Lnstead, if investigators explicitly plan
10 make the resulis of 2 small trial avail-
able for inclusion in a prospective meta-
analysis,” excessive risks of both types
of false conclusions may be averted.
Prospectively designed meta-analyses
are less susceptible to the problems
N‘i‘ih traditional, refrospective meta-
nalyses because the methods of the
omponent studies may be synchro-
nized in advance. This avoids the pos-
’;A 7 that component studies may not
he combinable if, for example, one
szudy investigated a high-dose in-
zervention among men and ancther
tudy investigated a lower dose of the
intervention among women.® Be-
cause dose and sex would be inextri-
cably confounded between these stad-
es, fetrcspectwe meta-analysis would
of little use.
‘;eref@re, only prospectively
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very rare diseases, making yvosp%&
tive meta-analyses of single-cente

and multicenter trials fiecessary te
obtain adequate power. Furthermore,

prospe ci_vdy designed meta-analyses
retain the innovation possible in con-
ducting several smaller studies, while
p:sndmcf the organizational frame-
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work to ensure that their results can be
synthesized.

EARLY-PHASE STUDIES
OF EXPERIMAENTAL
INTERVENTIONS

Just as prospective meta-analyses may
ensure the value of small single stud-
ies for rare diseases, plans for large,
comparative trials of experimental
interventions can justify the conduct
of small studies in earlier phases of
drug or device development. Thus,
several smaller phase 1/2 trials may be
justified as long as each is adequately
powered for another aim, such as reli-
ably determining whether a new
therapy shows at least some promise
of benefit, and is explicitly aimed at
guiding a definitive phase 3 trial that
will be adequately powered to make a
reliable treatment comparison. Inves-
tigators conducting these studies must
tell participants that their participa-
tion will not direcily provide infcrma-
tion of immediate clinical value, but
rather will guide future studies that
may do so.

ong-standing critiques of the

t
conduct of underpowered clinical @i~

ials,
icit plans for de-
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future, shifts the
risk-benefit calculus that helps justify
research in an unfavorable direction.™
Participants in such trials experience
personal risks and benefits commen-
surzte with those in adequately pow-
ered trials, but are denied the same op-
portunity to contribute to the improved
care of future patients. Therefore, IRB
members should carefully monitor the
statements made in the consent forms
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regarding the potential benefits of par-
ticipation to ensure that these state-
ments accurately reflect the strength of
the underlying study design.

Low statistical power is merely one
manifestation of a2 much larger prob-
lern: that many clinical investigators are
not properly trained in research meth-
ods. The consequences are not only that
investigators fail to properly assess the
required sample size. Poor training may
also explain why investigators may im-
properly assess the state of knowledge
before initiating new studies, fail to ap-
preciate how new trials ought to be con-
ducted to advance this knowledge,
choose inappropriate end points, and
poorly report the results of their work.

We have focused our discussion on
power because it remains one promi-
nent problem, both scientifically and
ethically, for which a2 workable solu-
tion is possible. We recommend that in-
vestigators always conduct a priori
power calculations and relay the re-
sults to potential study participants.
This should not be an overwhelming
task. Simplified statements regarding
both the inherent uncertainty in all re-
search and whether the relative level of
uncertainty in the proposed study con-
forms to standards of clinical investi-
71d be understandable by po-
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L
es, ethics revi
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boards, research funding agencies, and
medical journal editors should main-
tain strict requirements for adequate re-
search methods, including appropri-
aie statistical power, for any clinical wial
tc be approved, funded, or published,
respectively.
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